We examined the changes in regional cerebral blood volume (rCBV) around visual cortex using Near Infrared Spectroscopy (NIRS) when observers attended to visual scenes. The oxygenated and deoxygenated hemoglobin (Oxy-Hb and Deoxy-Hb) concentration changes at occipital lobe were monitored during a dual task. Observers were asked to name a digit superimposed on a scenery picture, while in parallel, they had to detect an on-and-off flickering object in a Change Blindness paradigm. Results showed the typical activation patterns in and around the visual cortex with increases in Oxy-Hb and decreases in Deoxy-Hb. The Oxy-Hb increase doubled when observers could not find the target, as opposed to trials in which they could. The results strongly suggest that active attention to a visual scene enhances OxyHb change much stronger than passive watching, and that attention and Oxy-Hb increases are possibly correlated.
Introduction
A visual scene consists of various objects and elements, and attention plays an important role in detecting and identifying one object among others. It has been known that visual task performance is highly influenced by attention, regardless of whether the task involves lower level processes or higher cognitive process (e.g. De Fockert, Rees, Frith, & Lavie 2001; Freeman, Sagi, & Driver, 2001; Nakayama & Mackeben, 1989; Treisman & Gelade, 1980) . Human performance depends on how much of the attentional resources are effectively allocated to the task, whether attention allocation is active or passive, overt or covert. However, how attentional resources are allocated and/or the extent to which attention affects processing in the early cortical areas has been controversial.
Early data showed that when animals performed an object recognition task, attention enhanced the firing rates of cells in extrastriate cortex, but not in primary visual cortex (e.g. Haenny & Schiller, 1988; Moran & Desimone, 1985) . Later studies, however, showed that the responses of cells in primary cortex were also modulated by the direction of attention (e.g. Ito & Gilbert, 1999; Motter, 1993) . Brain imaging studies have also reported that attention alters the activation of primary cortical area (Brefczynski & DeYoe, 1999; Martínez1 et al., 1999; Somers, Dale, Seiffert, & Tootell, 1999) . Many of these studies investigated the cortical locus of activation typically based on changes in BOLD signal, by using * Corresponding author. Tel.: +81 76 264 5303; fax: +81 76 264 5362.
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functional MRI, during tasks in which observers paid attention to a visual scene or an object. However, it is not known how the ongoing allocation and/or the degree of attention affect rCBV.
In the present study, we used Near Infrared Spectroscopy (NIRS) to measure the changes in oxy hemoglobin (Oxy-Hb) and deoxy hemoglobin (Deoxy-Hb) concentrations, separately, in the occipital region of observers in a dual attention task. Since Jöbsis (1977) showed the availability of monitoring hemoglobin concentration change as an index of a cerebral activation, researchers have been trying to map the regional brain activity using NIRS (e.g. Watanabe, Yamashita, Maki, Ito, & Koizumi, 1996) . Recently, many attempts have been made to measure various brain functions with this technique, such as language recognition (Peña et al., 2003) , visual perception (Maehara, Taya, & Kojima, 2007; Taga, Asakawa, Maki, Konishi, & Koizumi, 2003) , visuo-spatial identification task (Herrmann, Ehlis, Wagener, Jacob, & Fallgatter, 2005) , proprioceptive feedbacks (Shimada, Hiraki, & Oda, 2005) , arithmetic tasks (Hoshi & Tamura, 1993) , and recognition of cooperative actions (Shibata, Suzuki, & Gyoba, 2007) . However, most of the tasks used in these studies involved a factor of attention in combination with the task load itself. Separating the cerebral activation by attentional load from the activation by engaging in the task itself is necessary to understand the properties of the cortical function.
We compared the Oxy and Deoxy-Hb changes in conditions in which observer's attention to a visual scene was either active or passive as well as in cases in which they did or did not find a target. Here we proceeded from the assumption that if attention is allocated to a visual field, then the magnitude of activation in the occipital lobe depends on the degree of allocated attention.
